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| In the samw spirit aa the dispersion approach to the plon-pion
and the plonenucleon problems, T shall nov deacribe the determinetion
of the WR to mr emplitude in tems of kown singularities of the
function. I showld mention that this work is done 1n collaboration
with Dy, Ball of Berksley. We are m:inly concerned with the region
vhere the energy of the nuclecn-antimucleon oystem is not too far
frem tarice the plon mass. This region 18 of ecwe immediate interest
alnce 1t 1s expected to give & substantiel contribution to the
| abgorptive m:a of the nucleon from factor, the pionenucleon
enplitude and also, the pucleonsmicleon amplitude, Mt us denote
the square of the muclesneantimicleon conter-of-mass energy by t. .
For any partisl wove of & given angular romeptum and epin, the
singularities in the teplane are: The byanch cut due
to the exchange of a single nucleon starting &t ~ A
KX ima(l - “a/ma) the exchangs of & muclecn plus
& pion starting et ¢t = 0, etes The threshwld for
the profuction of two plons 1s at = ki, From 1

this threshold to the production of move then two
~ plone, the ( M¥ | ax ) auplitude hos the same phas
ap the { nx | nx ) smplituds since m{ﬁﬁ}m)z’(ﬁlm;’(nlm)

in this reglon.
- ’

This work vas performed under the auspices of the U.S. Atomic Energy
Commdgaion.
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Frager end Fulco® were the Pirst to write down partial wave
dispersion relations for the NN to mn emplitude. They considered
the two pwweve amplitudes in some detail. t- plane
For convenicnes, they tock the
combination

ry = al(*l+) + ﬁl(-ta!.)
Ty = afe |9 » Ble | =)

where the symbol ( | ) denotes the
nucleon-antinueleon annihilation amplitude in 8 given helicity state
and @, § ore known functions of ¢ . ‘They lave chown thet T,

b
the nagnetic moment form factor, Fraser sod Puleo took & “ongepols”

contributes to the macleon chsrge forn factor and T, contritutes o

approximation for the ot pevave and determine the phace of the
(Bﬁl#ﬁ)a@lﬁ%mm&bﬁam. They considered the nucleon

| pole term exactly and estimated the "rescattering” cut (the exchange
of a mucleon plus & pion) by & S-function approximation for the
plonemicienn (3, 3) amplitude. Thoy found it necessary to introduce
& cut-off on the left hand cut mamwobmnmwmemmu,
It turned out that the magnetic amplitude ( Iy ) 1is imsensitive o
the cut off, They then chose the pevave mm parameters to £it the
segnetic form factor. However, the charge amplitule vas quite
depenfent on the cut off. What I would 1ike to repart first today
are two sodificetions of the Fregoy-fuloo solution. (1) A "%pale"
‘approxination is teken for the =% pewave with o repulsive outer
region plus an attractive imner reglon as dlscussed by Chev. (2) The

values of I‘l and 1‘2 in the neighborhood of t = O are determined
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by the plon-mucieon fimed-amentun transfer dispersion relation in
mm@mmefmmmmm The left bend out of T ia
mmwmmmmmmwmmmmmew
rerminate the rescattering cut st ¢ = -2 (vhers the uf partial
-mmmdmér@s)mdmmmwmwmhwamm
ma‘ﬁe@m&mwg&wmmmw P in the netghborhood
of t.= 0, ﬁf COUrGe, Mspimmalomm mhmmmww%
I will now give the value end derivative of Ty, end I‘a at
t = 0 as calculated from acome-subtrection plom-nucleon dispersion
relation. The subtrection constants aye relsted €0 pion~mucleon
seattering lengtho and the dispersion integrals involve pionemicleon
pertial crves sectiome vhich are expressed in texme of combinations
M‘mlmaamimsaﬁ&m(a, 3) amplituds in euch & way that
the .39:-5/9 amm(rw aod 3/2) mmmmm.,
We beliove that such & combination 4s move accurate then the (3, 3)
mummmmmmmmmmwmmwmm
d = 3/2 Deptote. The following table is a sumary of the walue and
derivative of the r'smthem‘mmwmmms

m@mmg Emhs i ,
8 P ' o !
ry(0) |«0.1035 [-0.03% «0,0012 0,241
To(0) | €023 |-0.0002 | -0.0319 0.0061 L 40,0042
i
F,'(0) | 0.0033 | 0.00135 | 0.038200 | ~0.00186 040430

. i :
r,'(o) ina.m,se ~0.00010 | «0,00258} 7' -0,000%6 .
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mwmwmmmmmm&m“fmamﬁ

eud Bamilton and Woolcock.” It 1s cleer thst rl(o) 16 most, accurately

Tho wncertainty in T,(0) enmd T,'(0) mainly comes from
inaocuracy of the amall pevave scotiering lengths, If the smsll

pevaves are ignored, ve £ind T,(0) = 0.0033 and T\,"(0) = 0,038,

Tha uncertainty from the dispersion integral is considerably smalley,

tategrals vbere only the (3, 3) peweve is kept. Since the Gevave
soattering lengths sre yeot unknown, we oon only estimate the order of
mgnitude of I,'(0) from the oo-cubtraction formule which gives
Iy (0) = «0,005. Fortunately, it turns out that the phenomenologloal
pole in the I, emplitude 1 very weak and the emplituds on the right
15 quite ingensitive %o the position of this pole. Honce we can sdjust
the position ead residue of the pole in T, o give the nommlized
valus end derivative st t = O, snd edjust only the residuc of the I,
pole to £it the normalized wilue lesving the position erbitrary es long
88 1t 18 beyond ~ =15, |
Wﬁm&mmmfbmummm,m‘mwwmm?'s
and the twospicn contribution to the vector part of the mucleon foma
factors for any given set of mx pavameters in much the same way as the
'mr»m@» calolation. & mﬁ,ﬁm set thet glves the obeerved magnetic
noment form factor 18: 7y = 60, Vy = b4, Aléms, Ay = 0431 (1n
plon units) where we have taken the g pewave asplitude o be

B |
‘%—- e*® stns = O
%



 paroweters with the dispersion theory of Chev and Mandelstam,
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D o« :;,..:omz_vi x(ﬂl, V) . &29@ K(> «y )}

end R(a, b) is the kernel defined by Chew end Mandelstem. Thia set
mem@mnmwm t ~ 33, The two pion contaridbution

 of thte shavge s due to the eancelistion of the phemcmenologieal pole

and all other teras in the normalized

T, wplitude. The pole is
found to be situsted et a very high ensrgy region but gives for greater
{negstive) contyibution to the alectriec charge thon the contriluticn
(posstive) fram the rescattering cut. Tuis leade to our belief that
although the T, euplitude 16 otill giite censttive to the uncertainty
we hove at lasgt obteined a X‘l(t) grlitatively
mmmkwmmamwmrwmm.

I shall now turn to the question of ths compatibility of our wxm
k

For any
siven et of p~wtive persmetars, wve can determine one or rore sets of
mmwmmmm“mm" crossing
conditions in the neighborhood of the s symetry point. Pollowing
Chew and ManBelstem, ve have chosen an g-vave soluticn of the form
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S, +Y
+ gy = VN )
v 1= (9« VpMagk(=),o0) + B0, + DKG), «))

whore I=0, 2 and 90 e «2/3 . ‘The g-vave po:ze.-n?s is releted to
the pewave rescnance energy by ")a =1 2(\)1_ + 1), With the pevave
pareseters given above, we have found a set of s-wave paremeters which
gives a repulsive pole for I = 0 apd an attractive pole for I = 2.
The paranetevs are 8y = 4.3, b@ = o5, 8, = “leTs ba = w2.,5, The

consiatency of this solution apd the "approximete™ crossing relations

of Chew and Handelstanm remains to be geen. Should we be able %o obtain
an oevave o -somtiwmmmﬁwwinwom'w,wm
fsmedistely construct the seweve ( HY | wx ) anmplitude in much the

‘scne manner as the pwwave problem. The normalisation et ¢ = O plays

an even move ‘tmportant rolse in the s~wave problem. In fact, it serves
%o suggress the micleon pole term vhich is knovn to give @ superflucusly
large fourth order potentlal in the mucleon-mclecn scattering problem,
In closing, I chould memtion that it is quite probable that & mx

 pewave presonsace will gmé & substential contribution to the "medium

range™ sttractive force between two nuclecns bud it 1s wnlikely that
nee will ever pmﬂmw & repulsive core. However, there is

82111 a poasibility that e oneesubtraction formula including the onee
and twowpion exchange terms 1n the mucleon-mucleon problen mey assimilate
the effect of & hard core in the physicsl region.
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